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1. Introduction
Since the publications by Erben (1960, 1964a, 1965, 1966), an 
origin of ammonoids from a bactritoid ancestor is commonly 
accepted (e.g. Klug & Korn, 2004; Kröger & Mapes, 2007; De 
Baets et al., 2009). A key element was the transitional series 
from the cyrtoconic bactritoid Cyrtobactrites (Erben, 1960) to 
the convolutely coiled agoniatitid ammonoid Mimagoniatites 
(Eichenberg, 1930) present in the Early Devonian Hunsrück 
Slate (Erben, 1964a, 1966). The age of the Hunsrück Slate sensu 
stricto according to Mittmeyer (1980) is still debated (Bartels & 
Kneidl, 1981; Alberti, 1982, 1983; Erben, 1994; Bartels et al., 
1998; Schindler et al., 2002; Carls & Valenzuela Ríos, 2007; 
Mittmeyer, 2008; Carls et al., 2008; Jansen, 2012; see De Baets et 
al., 2013a for a review). Until recently the phylogenetic sequence 
of early ammonoids could not be stratigraphically corroborated 
(Klug, 2001; Bartels et al., 2002; De Baets et al., 2013a). Erben 
(1964a, 1966, 1994) considered the Hunsrück Slate ammonoids 
the oldest in the world with the Hunsrück Basin as their place of 
origin, which was subsequently criticized (e.g. Becker & House, 
1994; Jahnke & Bartels, 2000). A recent revision of the Hunsrück 
Slate ammonoids (De Baets et al., 2013a) showed that they are 
not necessarily older and some might even be slightly younger 
than the earliest ammonoids from China and Morocco (Ruan, 
1981, 1996; Yu & Ruan, 1988; Becker & House, 1994; Belka et 
al., 1999; Klug et al., 2008; De Baets et al., 2010). In addition, 
several specimens could be assigned to taxa known from outside 
the Hunsrück Basin such as Erbenoceras advolvens (Erben, 
1960), Erbenoceras solitarium (Barrande, 1865), Gyroceratites 
heinricherbeni De Baets et al., 2013a, Mimagoniatites fecundus 
(Barrande, 1865) and Mimosphinctes tripartitus Eichenberg, 
1931. Only the range of species of the most loosely coiled taxa 
like Metabactrites Bogoslovsky, 1972 and Ivoites De Baets, Klug 
& Korn, 2009 could not be extended outside of the Hunsrück basin 
so far, which was hypothesized to be related with a preservational 
bias. Their commonly fragmentary preservation in most localities 
often hampers a taxonomic assignment on species level (Chlupáč 
& Turek, 1983; Klug, 2001; Klug et al., 2008; De Baets et al., 2009, 
2010, 2013a), certainly when taking into account the sometimes 
larger intraspecific variability and overlap in coiling and ribbing 
parameters within and between genera (De Baets et al., 2013b). 
The presence of Ivoites with its plesiomorphic characters was 
one of the reasons why the Hunsrück Slate ammonoid fauna was 
considered one of the oldest in the world. In the meantime, the 
genus has become known from China, Czech Republic, Germany, 
Morocco, Novaya Zemlya, and Uzbekistan. It has been shown to 
have a considerable stratigraphic range throughout most of the 
Lower Emsian (compare De Baets et al., 2009, 2013a; Becker et 
al., 2010; Ferrová et al., 2012).
Early Devonian ammonoids are considered as a typical 
component of the pelagic Bohemian facies (Erben 1964b). In 
rare cases, they were also found in the neritic and siliciclastic 
Rhenish facies (Chlupáč, 1976; Mittmeyer, 1982; De Baets et al., 
2009). Correlation between both facies has proven difficult, but 
is of particular importance as the traditional German and Belgian 
definitions of the Emsian (with slightly different lower boundaries) 
have been established in the Rhenish facies, while the Emsian in 
the GSSP sense is defined in the Bohemian facies (Jansen et al., 
2007; Carls et al., 2008). Brachiopods and trilobites are commonly 
used for stratigraphic subdivision and correlation in the Rhenish 
facies, while ammonoids, conodonts and dacryoconarids are 
commonly used in the Bohemian facies (Carls, 1987; Jansen, 
2001; Jansen et al., 2007; Carls et al. 2008; Mittmeyer, 2008). 
Interfacial correlations can be better constrained by the study of 
sequences yielding both Bohemian and Rhenish elements such 
as the Moroccan Dra Valley, the Celtiberian Chains, and the 
Hunsrück Slate or by studying groups occurring in both facies 
(e.g. Carls 1987, 1988, 1999; Jansen, 2001; Jansen et al., 2007; 
Carls et al., 2008; De Baets et al., 2009, 2010, 2013a). Note that, 
herein, we use the term “Emsian stage” as well as its subdivisions 
“Lower” and “Upper Emsian” (respectively “Early” and “Late 
Emsian”) in the Rhenish (traditional German) sense in contrast 
to the classic three-fold subdivision in Luxemburg (e.g. Lucius, 
1950).
The Early Devonian lithostratigraphic units of Belgium 
were reviewed by Bultynck & Dejonghe (2001), but no special 
reference was made to the Belgian part of the Eifel region. The 
locality of Burg Reuland is of particular interest as it yields a 
rich collection of open marine faunas (Asselberghs, 1921; 
Maillieux, 1937, 1941; Vandercammen, 1963; Godefroid, 
1994; Franke, 2006; Müller & Alberti, 2010) and was recently 
correlated with the Vallendar stage of the SW Eifel (Franke, 2006 
and references within). For over a century, the Late Devonian 
(Frasnian) ammonoids from the Matagne Formation of several 
localities in the southern part of the Dinant fold-and-thrust belt 
were the oldest known ammonoids from Belgium (see Foord 
& Crick, 1897; Matern, 1931; House & Price, 1985; House & 
Kirchgasser, 1993). Only recently, the Belgian ammonoid record 
could be extended into the Middle Devonian (Eifelian) with 
new finds (Becker in Schraut, 2000; Ebbighausen et al., 2011) 
from the southern part of the Dinant fold-and-thrust belt near the 
French border (Jemelle Formation at Olloy-sur-Viroin; compare 
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Van Viersen, 2008 and Dumoulin & Blockmans, 2008). So far, 
no Early Devonian ammonoids have been reported from the 
Ardennes, although they are known from correlative levels at 
several localities in the Eifel region in Germany with the closest 
one only 10 km from the Belgian-German border (Anetoceras 
arduennense; De Baets et al., 2009; see Figure 1). Furthermore, 
Ivoites, which is very common in the Hunsrück Slate, has so 
far not been reported from the Eifel (De Baets et al., 2009). We 
herein describe the first Early Emsian ammonoids from Belgium 
as well as newly collected associated brachiopods from the same 
locality. Additionally, we discuss some stratigraphical aspects of 
the new findings.
2. Geological Setting
The fossils described in this paper derive from a small, but 
long-time active quarry. This quarry is located within the Our 
Valley in East Belgium, at the edge of Steffeshausen, near Burg 
Reuland, at the southeastern tip of the Preisberg-Auf Schleid 
hill (50°11’50.58”N, 6° 9’6.60”E; see Fig. 1B). Geologically, it 
is situated on the northern flank of the Neufchâteau-Wiltz-Eifel 
Syncline, East of the Malsbenden-Trois Vierges Backthrust, thus 
within the Belgian part of the Eifel depression of the Rhenish Slate 
Mountains (Fig. 1A). The Belgian Geological Survey geological 
mapping archives report on fossil collections from the quarry made 
in 1914 (by Timmermans, K.U. Leuven) and 1921 (by Maillieux, 
IRNSB), with identifications by Asselberghs (K.U. Leuven) 
(Sheet 235W, locality 2). Although detailed geological maps were 
never made from the area of Burg Reuland, Asselberghs (1946) 
and more recently Vandenven (1990) figured the quarry within 
Early Emsian strata (E1) (see Fig. 1). In the literature, the quarry 
is known as the “Burg Reuland” or the “Auf Schleid” Quarry, 
and the sediments exposed therein were either included within the 
“Quartzophyllades de Schutbourg [= “Schuttburg”]” (Maillieux, 
1932; Godefroid 1994), the “Quartzophyllades de Burg-Reuland, 
Em1III” (Maillieux, 1937, 1941), the “”sandsteinreicher Komplex 
C (graues Unteremsium)”“ (Furtak, 1965), the “Breitfeld-
Steinebrück Formation” (Vandenven, 1990) or the “Klerf-
Schichten” (Franke, 2006). A correlation of the finding horizon 
with the Klerf Beds in the Eifel (“Klerf Schichten” sensu Richter, 
1919) is possible following Franke (2006), but how these relate 
with the Clervaux shales (or “schistes de Clervaux”) of the type 
region near Clervaux needs to be further investigated. Vandenven 
(1990) argued that for the highly tectonised area between the 
Malsbenden-Trois Vierges Thrust and the Our Valley, it was even 
almost impossible to differentiate the lithological units ”Schistes 
de Stolzenburg (Em 1a)” and ”Quartzophyllades de Schüttburg 
(Em 1b)” and he therefore included both in the Breitfeld-
Steinebrück Formation (Fig. 1B). 
Regardless to which lithostratigraphical formation and 
member the marine sediments from the quarry should be referred 
to, the ammonoids occur in dark-grey siltstones associated 
with bivalves and mass abundance of the chonetid brachiopod 
Plebejochonetes semiradiatus (Sowerby, 1842). The ammonoid 
specimens were found by TR in 2007 and 2009 on a waste tip 
in front of the quarry. KDB, SG, and TR revisited the quarry in 
2009. No additional and/ or in situ ammonoid specimens were 
discovered, but spiriferid brachiopods were collected from 
the same waste tip, which yielded the ammonoids in 2009 (see 
further). Some of the newly collected brachiopods are also 
determined and figured.
3. Systematic Palaeontology
The systematic description of the ammonoids follows Korn & 
Klug (2002) and De Baets et al. (2009). Morphological terms are 
applied following Klug (2001) and Korn (2010; more information 
in De Baets et al. 2013a). 
Abbreviations of measured conch diameters are as follows: dm 
= conch diameter; ww = whorl width; wh = whorl height; wi = 
whorl interspace; uw = umbilical width; ah = apertural height; 
dmm = median diameter; ARI = absolute rib index; DWRA = 
demi-whorl rib angle. 
We occasionally use the median diameter dmm (measured 
between the middle height of demi-whorl), which is more 
appropriate to compare flattened specimens and none flatted 
specimens (see De Baets et al. 2013a). The rib ARIxx = the number 
of ribs counted mid-flank within a circle with a diameter of XX 
mm centered on the middle of the whorl height, which is less 
influenced by changes in coiling than the amount of ribs counted 
per demi-whorl (compare De Baets et al. 2009; 2013a). De Baets 
et al. (2013a) introduced the DWRA or the angle between the 
ribs, which are a demi-whorl or half-whorl apart. During the 
uncoiling phase the ribs become more rursiradiate and make a 
lower angle with each other than in the early and middle whorls 
(DWRA = 180° +/- 5°). This results in a higher DWRA (< 170°) 
during the uncoiling phase. 
Specimens were whitened with ammonium chloride unless 
otherwise specified. Specimens are deposited in the Naturalis 
Biodiversity Center, Leiden (RGM) and the Paläontologisches 
Institut und Museum, Universität Zürich (PIMUZ). Synonymy 
lists follow the recommendations by Matthews (1973). The 
brachiopods are deposited at the Senckenberg Forschungsinstitut 
und Naturmuseum in Frankfurt am Main (SMF).
Order Agoniatitida Ruzhencev, 1957
Suborder Agoniatitina Ruzhencev, 1957
Superfamily Mimosphinctaceae Erben, 1953
Family Mimosphinctidae Erben, 1953
Subfamily Anetoceratinae Ruzhencev, 1957
Genus Ivoites De Baets, Klug & Korn, 2009 
Type species. Anetoceras hunsrueckianum Erben, 1960, from the 
Early Emsian middle Kaub Formation of the Hunsrück region in 
Germany.
Figure 1. Geology and location 
of the study area. (A) General 
localisation within the Belgian part 
of the Rhenish Slate Mountains 
(modified from Bultynck & 
Dejonghe 2001; Van Baelen & 
Sintubin 2006). The star within the 
rectangle refers to the Auf Schleid 
Quarry and the star outside the 
rectangle refers to Neuerburg, the 
nearest Early Emsian ammonoid 
locality in Germany. Abbreviations: 
MCET: Midi-Condroz-Eifel Thrust; 
NWES: Neufchâteau-Wiltz-Eifel 
Syncline; 3VM: Trois Vierges 
– Malsbenden Backthrust. (B) 
Geological map of the study area 
(modified from Vandeven 1990). The 
ammonoid symbol refers to the Auf
Schleid Quarry. Lithostratigraphy: E2: Clervaux Formation, E1: Breitfeld-Steinbrück Formation, S3: Sankt Vith Formation, S2: Longlier Formation, 
S1: Amel Formation, G: Waimes Formation, Age: E1-E2: Emsian, S1-S3: Pragian, G: Lochkovian. Abbreviations: 3VM: Trois Vierges – Malsbenden 
Backthrust. 
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Remarks. Finely ribbed Anetoceratinae, which complete between 
about 1.5 and 2.75 whorls before (terminally) uncoiling are 
now referred to Ivoites instead of Anetoceras (De Baets et al., 
2009, 2013a). Anetoceras has been used very inconsistently in 
the literature and specimens of Anetoceras sp. reported in the 
literature without photographs before 2009 could therefore belong 
to Anetoceras, Ivoites, or Erbenoceras and need to be verified. 
Ivoites schindewolfi De Baets, Klug, Korn, Bartels & Poschmann, 
2013
(Fig. 2A, B; Plate 1, Figs A-F)
p. 1934 Anetoceras arduennense Schindewolf, p. 268, pl. 19, 
 fig. 8 (non text-fig. 2 = Anetoceras arduennense).
vp. 1953 Anetoceras arduennense Schindewolf; Erben, p. 194- 
 196, fig. 10 (non pl. 18, fig. 1, 2 = Erbenoceras cf. 
 advolvens).
vp. 1960  Anetoceras hunsrueckianum n. sp. or arduennense 
 (Steininger), Erben, text-fig. 8a (non textfig. 8b = I. cf. 
 schindewolfi)
p. 1960 Anetoceras arduennense Schindewolf; Erben, p. 54, 
 text-fig. 10 (only early part of synthetogram).
p. 1962a Anetoceras hunsrueckianum Erben; Erben, p. 19-20, 
 text-fig. 2 (non text-fig. 2 = Ivoites hunsrueckianus).
p. 1962a  Anetoceras cf. hunsrueckianum Erben; Erben, p. 19, 
 pl. 1, fig. 2.
vp.1962a Anetoceras arduennense auct.; Erben, p. 21-22, pl. 1, 
 text-fig. 5 (non pl. 1, fig. 3 = I. cf. opitzi, non pl. 1, fig. 
 4 = I. cf. schindewolfi). 
v 1962b Anetoceras cf. hunsrueckianum Erben; Erben, pl. 5, 
 fig. 14.
vp.1964a Anetoceras hunsrueckianum Erben; Erben, p. 141, 
 text-fig. 2d, pl. 7, fig. 2 (non text-figs 7, 8 = 
 I. hunsrueckianus, I. opitzi).
p. 1964a  Anetoceras aff. hunsrueckianum; Erben, p. 141, text- 
 fig. 8.
vp.1964a  Anetoceras (Erbenoceras) sp. A; Erben, p. 141 (non 
 text-figs. 8, 9, 10 = I. opitzi).
p. 1965 Anetoceras (Erbenoceras) sp. A; Erben, p. 280, pl. 1, 
 fig. 1 (non pl. 1, fig. 2 = Ivoites opitzi).
p. 1969 Anetoceras arduennense (Steininger); Bogoslovsky, 
 p. 116, text-fig. 21, pl. 1, fig. 1.
v 1994 Anetoceras (Anetoceras) cf. hunsrueckianum Erben; 
 Erben, p. 54, text-fig. 5.10.
v 2000 Anetoceras sp.; Keupp, p. 62.
p. 2002 Anetoceras arduennense (Steininger 1853); Korn & 
 Klug, p. 58, text-fig. 60A. 
vp. 2002 Anetoceras aff. hunsrueckianum Erben; Bartels et al., 
 p. 114.
vp. 2002 Anetoceras hunsrueckianum Erben; Bartels et al., 
 p. 114. 
vp. 2009 Ivoites arduennense auct. Erben; De Baets et al., p. 373.
v 2011  Ivoites n. sp. A; De Baets et al., p. 162.
v 2011 Ivoites schindewolfi, De Baets et al., p. 163 (= nomen 
 nudum) 
* 2013a Ivoites schindewolfi n. sp.; De Baets et al., p. 37-40, 
 text-fig. 2, pl. 1, fig. 6, pl. 4, figs 1, 3-12; pl. 5, figs. 2, 
 6 ; pl. 13, figs. 5A-N. 
Material. Two specimens with at least a demi-whorl preserved 
from Steffeshausen in the Belgian Eifel region were studied 
first hand, which are deposited in Naturalis Biodiversity Center, 
Leiden, the Netherlands (RGM.791233, RGM.791234). An 
additional whorl fragment from the same locality is deposited in 
the Paläontologisches Institut und Museum, Zürich, Switzerland 
(PIMUZ 28899). All specimens were collected by TR and 
derive from the Lower Emsian of the Auf Schleid Quarry near 
Steffeshausen, Belgium. 
Diagnosis. (Modified from De Baets et al., 2013a). Species of 
Ivoites with moderately large conch (maximal dm ~ 90 mm); 
umbilicus wide to very wide (uw/dm = 0.50–0.80); lowest whorl 
interspace at a point between the end of whorl 1 and 1.25 whorls; 
subsequently becoming more loosely coiled, but only markedly 
after about 1.35 whorls between 30 and 50 mm diameter, where 
the whorl interspace exceeds the whorl height (WII = 0.2–1.7); 
umbilical window very large, open (SA = 9–11 mm). Ornament 
with fine rursiradiate ribs and fine, parallel growth lines; 35–55 
ribs per demi-whorl (ARI20 = 10–26 > 20 mm dmm; ARI10 = 
11–23 < 20 mm dmm).
Description. The most complete specimen (RGM.791233; Fig. 
2B, Plate 1D, E) has a conch diameter of 38 mm and possesses 
about 1.25 whorls. The embryonic shell is not preserved. The 
whorl interspace index continuously augments from 0.55 at 28 
mm diameter (dmr = 25 mm) to 1.01 at its maximum diameter. 
The specimen markedly uncoils (DWRA < 170°) at about 35 
mm diameter. It shows 37 fine ribs at about 15 mm diameter if 
retrodeformed (smallest preserved demi-whorl) to 43 fine ribs at 
its maximum diameter (last preserved demi-whorl). The suture 
line is not preserved. 
The smaller specimen (RGM.791234; Fig. 2A, Plate 1B, C) 
possesses almost 1.5 whorls and has an estimated conch diameter 
of 36 mm (33 mm if retrodeformed). The whorl interspace 
becomes larger than the whorl height at 31 mm diameter if 
retrodeformed. The rib ARI10 varies from 11 (ARI20 = 23) at 7 
mm whorl height (about 31 mm diameter) to 23 at 2.5 mm whorl 
height (or 14 mm diameter if retrodeformed: see Fig. 2A). 
The additional whorl fragment (PIMUZ 28899; Plate 1A) has 
a rib index ARI20 of 6 at about 1 mm whorl height and a weakly 
compressed whorl section (wh/ww ~ 0.5), but these features 
might be altered due to flattening and lateral extension.
Remarks. The specimens resemble quite well those from the 
Hunsrück Slate in coiling and ribbing. The amount of ribs per 
demi-whorl (37 - 43) falls within the range of the Hunsrück Slate 
specimens of Ivoites schindewolfi between 15 and 38 mm median 
diameter (36 – 49). They uncoil at a similar diameter (30 – 40 
mm) as some specimens of Ivoites schindewolfi (compare text-
fig. 9; plate 4; figs 1, 3-12; plate 5, figs 2, 6 in De Baets et al., 
2013a) from the Hunsrück Slate. Ivoites opitzi terminally uncoils 
at a large diameter. A small percentage of specimens of this 
species from the middle Kaub Formation (Hunsrück Slate s.s.) 
shows peculiar, spirally arranged, paired pits (“Opitzian Pits”) 
on the phragmocone and the body chamber in internal mould 
preservation (compare De Baets et al., 2011, 2013a). They were 
not observed in the specimens from Steffeshausen, but this might 
be a sampling bias.
4. Brachiopod fauna
A few, fairly well-preserved spiriferid and terebratulid specimens 
were collected in 2009 and derive from the waste tip, where TR 
found the ammonoids in 2007 and 2009. They are characterized 
in the following:
Arduspirifer Mittmeyer, 1972. – Ard. arduennensis n. ssp. 
cf. latestriatus (Maurer, 1886) (Fig. 3D; = latestriatus sensu 
Figure 2. Reconstructions of Ivoites schindewolfi  De Baets, Klug, Korn, 
Bartels & Poschmann, 2013, from the Lower Emsian of the Auf Schleid 
Quarry. Specimens are retrodeformed (see explanations in De Baets et 
al., 2013a) and missing parts extrapolated. The light grey color refers to 
aspects seen in the internal moulds, while the dark grey refers to parts seen 
in the negative or counterpart. The ellipses where circles with a diameter 
of 20 mm before retrodeformation  A. RGM.791234. B. RGM.791233.
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Franke, 2006) resembles the Vallendar age taxon latestriatus but 
differs in the presence of  6 ribs per flank on the internal mould, 
longer free portions of dental plates and a small and narrow, 
subparallel-sided muscle field. Another internal mould of a 
ventral valve represents a typical Ard. ard. antecedens (Frank, 
1898) with strongly elevated mould of the muscle field extending 
to the posterior over the hinge-line (Fig. 3B), whereas an internal 
mould of a dorsal valve (Fig. 3C) closely resembles  Ard. ard. 
prolatestriatus Mittmeyer, 1973 in outline and style of ribbing, 
pleading for an Ulmen to Singhofen age (Mittmeyer, 2008). Solle 
(1953, p. 56) identified a specimen from “75-175 m south of the 
railway station of Burg-Reuland” as cf. latestriatus, what could 
mean a closer affinity either to Ard. ard. prolatestriatus or Ard. 
ard. latestriatus, and another specimen from the same section as 
antecedens (p. 67). 
Euryspirifer Wedekind, 1926. – Only one specimen of 
the age-significant Eu. assimilis (Fuchs, 1915) – dunensis 
(Kayser, 1889) group is in our fauna: The ventral valve (Fig. 
3A) shows nine moderately strong inner ribs plus three or 
four fine posterolateral ones per flank, a moderately transverse 
outline lacking mucronate cardinal extremities and a relatively 
shallow sulcus. Ongoing studies on Emsian representatives of 
Euryspirifer (by UJ) have shown that species of the assimilis-
dunensis group are characterized by a strong intraspecific 
variability, so that the determination of a single specimen can 
be problematical. The specimen studied is determined as Eu. 
cf. assimilis latissimus Mittmeyer, 2008. This preliminary 
identification would implicate a Singhofen age of the fauna 
(Mittmeyer, 2008), but the uncertainty of the determination does 
not preclude an Ulmen or even a Vallendar age, either. The study 
of more material is necessary to further clarify the stratigraphic 
assignment. Additionally, Eu. dunensis, which is restricted to  the 
upper Singhofen (?; all investigated Euryspirifer investigated 
by UJ from the Neichnerberg Formation belong to E. assimilis 
latissimus) to Vallendar substages according to Mittmeyer, 2008, 
was also reported from the Auf Schleid Quarry (see Franke, 
2006).
Meganteris Suess, 1856. – The terebratulid M. ovata Maurer, 
1879 s. s. which is most common in strata of Singhofen and 
Vallendar age (UJ, work in progress), is represented by a typical 
dorsal valve (Fig. 3G).
Further taxa. – Internal moulds of the spiriferids Incertia sp. 
cf. subincertissima Mittmeyer, 2008 (Fig. 3E) and Tenuicostella 
sp. (Fig. 3F) fit to an Early Emsian age, but do not allow further 
stratigraphic conclusions. Further brachiopod taxa recorded (but 
largely not figured) by Maillieux (1941), Vandercammen (1963) 
and Franke (2006) from Burg-Reuland are only partly helpful 
in our age evaluation. Vandercammen’s understanding of the 
Late Emsian taxon Euryspirifer paradoxus (von Schlotheim, 
1813) and late Late Emsian to early Eifelian Spinocyrtia [today: 
Alatiformia] alatiformis (Drevermann, 1907), which he reported 
from Burg Reuland, does certainly not reflect the present state 
of research. Hysterolites crassicostatus [today: Brachyspirifer 
crassicosta] (Scupin, 1900) is well consistent with an Early 
Emsian age. The assemblage of Tropidoleptus rhenanus Frech, 
1897, Cryptonella rhenana (Drevermann, 1902), Iridistrophia 
maior (Fuchs, 1915) and “Uncinulus” antiquus (Schnur, 1853), 
recorded by Maillieux (1941) and Franke (2006), supports the 
Early Emsian age, as well.
Summarizing the present results (combined ranges), a 
Singhofen or Vallendar age is regarded as most probable for our 
Arduspirifer, Euryspirifer and Meganteris specimens (see Fig. 3). 
Nevertheless, part of the sequence around Burg Reuland might 
be considerably older as Godefroid (1994) reported Euryspirifer 
cf. assimilis (Fuchs, 1915), which is very close to the nominal 
subspecies known from the Ulmen substage. 
5. Significance of the ammonoid finds
5.1. Ivoites from the Hunsrück Slate
Ivoites schindewolfi was so far only reported from the middle 
Kaub Formation (Hunsrück Slate s.s.) of the Central Hunsrück 
Basin (De Baets et al., 2013a). The age of the taxon was poorly 
constrained as it might have a late Ulmen, Singhofen and/or 
Vallendar age (Fig. 4). The taxon occurs in at least two members 
of the middle Kaub Formation, the Bocksberg Member and the 
Wingertshell Member. Mittmeyer (in Bartels et al., 2002, p. 114) 
reported Ard. arduennensis prolatestriatus from the latter member 
(De Baets et al., 2013a). If correctly identified, this might indicate 
an Ulmen to Singhofen age for the lower part of the Wingertshell 
Member (and the underlying members of the Hunsrück Slate). 
This member might, however, already partially of Vallendar age, 
because poorly preserved specimens of ?Mimagoniatites occur in 
these beds (compare Bartels et al., 2002; De Baets et al., 2013a). 
Note, that the members of the middle Kaub Formation have 
considerable thicknesses and the exact position of the ammonoids 
and co-occurring taxa are not exactly known. The new finds of 
Ivoites schindewolfi in the dark-grey siltstones exposed in the Auf 
Schleid quarry show the taxon to occur outside of the Hunsrück 
Basin for the first time. This could recently also be shown for 
several other ammonoid taxa long thought to be endemic to 
Hunsrück Basin (De Baets et al., 2013a). 
5.2. Ammonoids from the Lower Emsian of the Eifel region
So far, no early ammonoids had been reported from the 
Klerf Formation of the Eifel region which is considered as 
contemporaneous by Franke (2006). Ammonoids (Anetoceras 
arduennense) are, however, known from beds traditionally assigned 
to the underlying “Stadtfelder Schichten” at several localities 
(Lauzert near Niederstadtfeld, Neuerburg, Sankt Johann: compare 
Kutscher, 1933; Chlupáč, 1976; Mittmeyer, 1982; De Baets et al., 
2009). The facies of the ammonoid-bearing siltstones is strikingly 
Figure 3. Selection of brachiopods from the Lower Emsian of the Auf 
Schleid Quarry. A. Euryspirifer cf. assimilis latissimus Mittmeyer, 
2008; ventral valve exterior, SMF 94010. B. Arduspirifer arduennensis 
antecedens (Frank, 1898); internal mould of ventral valve, SMF 94012. 
C. Arduspirifer arduennensis prolatestriatus ? Mittmeyer, 1973; internal 
mould of dorsal valve, SMF 94013a. D. Arduspirifer arduennensis n. 
ssp. cf. latestriatus (Maurer, 1886); internal mould of ventral valve, 
SMF 94014. E. Incertia sp. cf. subincertissima Mittmeyer, 2008; internal 
mould of ventral valve, SMF 94015. F. Tenuicostella sp., internal mould 
of ventral valve, SMF 94011. G. Meganteris ovata Maurer, 1879; internal 
mould of dorsal valve, SMF 94010. All pictures in natural size.
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similar to the ones from Steffeshausen (compare De Baets et al., 
2009). The Stadtfeld Formation in the “restricted modern sense” 
(type locality: Humerich near Oberstadtfeld; Mittmeyer, 2008) 
is of early Vallendar age and contains Arduspirifer arduennensis 
latestriatus and Euryspirifer dunensis (Mittmeyer, 1982, 2008). 
The traditional “Stadtfelder Schichten”, in contrast, contain strata 
of Singhofen (possibly even Ulmen?) to early Vallendar age 
(compare Fuchs, 1971). The ammonoid-bearing strata probably 
occur in different levels (Fig. 4). The Sankt Johann ammonoid 
locality yields Eu. dunensis which point to a late Singhofen (?) or 
Vallendar age and typical Ard. ard. Antecedens ranging from the 
late Singhofen to Vallendar age (Jansen, 2008, UJ unpublished 
data; study material stored in the Museum für Naturkunde, 
Berlin). The Lauzert near Niederstadtfeld ammonoid locality 
belongs to the Gefell Formation, which overlies the Reudelsterz 
Formation (upper Ulmen substage). The Gefell Formation is 
suggested to be of early Singhofen age due this position within 
the stratigraphical succession and its faunal content: many typical 
Pseudoleptostrophia dahmeri (Rösler, 1954) in combination 
with Eu. assimilis latissimus Mittmeyer, 2008 (see Fuchs & 
Plusquellec, 1982; Mittmeyer, 2008; Jansen, 2012).
Anetoceras as revised by De Baets et al. (2009) has been 
consistently reported below occurrences of Mimagoniatites 
fecundus (and also Mimosphinctes tripartitus) and their 
stratigraphic ranges have not been shown to overlap (Ruan 1981; 
De Baets et al., 2010). As Anetoceras is known to range into the 
Vallendar (De Baets et al., 2009), a partial Vallendar age of the 
middle Kaub Formation (the parts containing Mimagoniatites 
fecundus and/or Mimosphinctes tripartitus) is very likely. Our 
brachiopod material corroborates a partial Singhofen to Vallendar 
age for the middle Kaub Formation, in addition to the Ulmen age 
of its lower part (De Baets et al., 2013a). If correlation of the 
sequence at Burg Reuland with the Klerf Formation proposed by 
Franke (2006) is correct, the range of Ivoites schindewolfi could 
be extended above the range of Anetoceras arduennense. This is 
not surprising as Ivoites has a much longer range than Anetoceras 
as revised by De Baets et al. (2009, 2013b). Ivoites has been 
found below or together with Anetoceras in some of the earliest 
ammonoids localities of China (Zlichovensis dacryconarid Zone; 
Ruan, 1981, 1996; Yu & Ruan, 1988; Becker & House, 1994) and 
ranges up into the late part of the Early Emsian (Elegans Zone; 
see Chlupáč et al., 1979; Chlupáč, I. & Lukeš, 1999; Becker et 
al., 2010; Ferrová et al. 2012) above the range of Anetoceras. The 
report of Anetoceras sp. in the Elegans Zone by Ferrová et al. 
(2012), which was probably derived from Chlupáč et al. (1979), is 
erroneous and should be referred to Ivoites sp (KDB, unpublished 
data). Note, that in publications older than 2009 (e.g., Chlupáč et 
al., 1979; Chlupáč, I. & Lukeš, 1999), Anetoceras has not only 
been used to refer to Ivoites (as introduced by De Baets et al. 
2009) or Anetoceras (as revised by De Baets et al. 2009), but 
also to refer to Erbenoceras (e.g., Erbenoceras solitarium: see 
also Chlupáč & Turek, 1983). Finally, it has to be stated that no 
ammonoids have been reported from Siegenian strata so far (De 
Baets et al., 2013a).
5.3. Correlation of the Burg Reuland Ammonoid Locality
The dark-grey siltstones exposed at Burg Reuland were long 
correlated with the Luxemburgian “Schüttburg-Schichten” 
(Maillieux, 1932; Asselberghs, 1946; Godefroid, 1994). From 
palynological, macrofloral and faunal data a middle to late Early 
Emsian age or even a probable Late Emsian age was assumed for 
the strata in the type region of this unit (Steemans et al., 2000; 
Delsate et al., 2004; Franke, 2006), but the correlation with the 
Belgian succession at Burg Reuland remains uncertain. Franke 
(2006) argued with the occurrence of “Dilophaspis” cf. frankei 
Brauckmann, Koch & Groening, 2002 (now Nahecaris cf. 
frankei: see Briggs & Bartels, 2003), which has so far only been 
reported from latest Early Emsian beds (upper Vallendar) of the 
Nellenköpfchen Formation, a correlative of the Klerf Formation 
(see Weddige et al., 2005, Fig. 4) and early Late Emsian beds of 
the Wiltz Formation (Brauckmann et al., 2002). Its occurrence 
might be highly dependent on the presence of suitable facies 
conditions and does not necessarily imply a Vallendar age or an 
assignment to the Klerf Formation.
The age of the recently exploited layers in the Burg Reuland 
Quarry and the ammonoid level is probably middle or late Early 
Emsian (Singhofen or Vallendar age) as indicated by the recently 
found brachiopods (Fig. 4). A correlation of the sequence at 
Steffeshausen with the Middle Kaub Formation (Hunsrück) 
appears possible due to the occurrences of Ivoites schindewolfi in 
both regions and partial post-Ulmen age (Singhofen-Vallendar) of 
the Hunsrück Slate (De Baets et al., 2013a). This is opposed to the 
views of Mittmeyer (1980, 2008), who considers the Hunsrück 
Slate sensu stricto (including the middle Kaub Formation) to be 
of Ulmen age. The first appearance of early ammonoids in several 
localities in the Eifel (Auf Schleid, Lauzert) and the middle 
Kaub Formation might be related with a regional (Rhenish?) 
transgressive event at the beginning of the Singhofen rather 
than a global transgression (Becker & Kullmann, 1996). Such a 
transgressive event follows the regressive tendencies documented 
in the Reudelsterz Formation (Fuchs 1982) and has already been 
suggested for the appearance of ammonoids in the middle Kaub 
Formation of the Hunsrück Slate (Sutcliffe, 1997; Briggs & 
Bartels, 2001; Schindler et al., 2002; De Baets et al., 2013a).
6. Conclusions
We report the first discovery of Early Emsian ammonoids from 
the Belgian part of the Rhenish Slate Mountains in Burg Reuland. 
Together with previously reported faunal elements (see review 
in Franke, 2006) they further corroborate the normal marine 
character of the Burg Reuland sequence. The combined ranges 
of Euryspirifer cf. assimilis latissimus, Eu. dunensis ? and 
Arduspirifer arduennensis antecedens plus the phylogenetic 
development of Ard. ard. n. ssp. cf. latestriatus speak for a 
Singhofen or Vallendar age of the recently exploited layers. 
Franke (2006) correlated the sequence with the Klerf Formation, 
but a partial correlation with the interval Gefell to Stadtfeld 
formations is more probable due to the finds of early ammonoids 
in both, partly similar facies, and the occurrence of comparable 
representatives of Euryspirifer and Arduspirifer. The finds of 
Early Emsian ammonoids with a Singhofen to Vallendar age 
in Belgium (Ivoites schindewolfi) and in the northeast Eifel 
(Anetoceras arduennense; De Baets et al., 2009) corroborate the 
recently proposed partial Singhofen-Vallendar age of the middle 
Kaub Formation of the Hunsrück Slate (De Baets et al., 2013a). 
The appearance of Early Emsian ammonoids in the Post-Ulmen 
(Singhofen – Vallendar) in many parts of the Eifel and the Middle 
Figure 4. Time-scale (modified 
from Kaufmann 2006), 
stratigraphic correlations 
(modified from Weddige 
1996, Weddige et al. 2005; De 
Baets et al., 2013a), ranges of 
some important taxa used for 
biozonation or discussed in 
the text (compiled from Jansen 
2001; Brauckmann et al., 2002; 
Schemm-Gregory & Jansen 
2006; De Baets et al., 2009),
proposed age ranges of the Hunsrück Slate (1 = Mittmeyer 1980, 2008; 2 = Bartels et al., 1998; 3 = De Baets et al., 2013a for the ammonoid-bearing 
middle Kaub Formation) and proposed age of the ammonoid-bearing level in the Auf Schleid quarry. The rectangle refers to the possible correlation 
with the Gefell (Singhofen) to Stadtfeld Formation (Vallendar) proposed herein, while the bar reflects the possible correlation with the Klerf Formation 
(Vallendar) as suggested by Franke (2006). More details are discussed in the text. 
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Kaub Formation coincides with a transgressive event, which can 
at least be regionally recognized in the Rhenish Mountains (Eifel, 
Hunsruck, Taunus), but not necessarily globally (compare Becker 
& Kullmann 1996).
The finds illustrate the possible importance of the outcrops 
around Steffeshausen for the correlation of the Belgian Early 
Emsian sequences with the coeval German and Luxemburgian 
sequences and also the correlation of Bohemian and Rhenish 
facies within in the Rhenish Slate Mountains. It also highlights 
the importance of studying several fossil groups (ammonoids, 
brachiopods, …) in the same outcrops. A correlation of the layers 
at Steffeshausen with the middle Kaub Formation appears likely 
due to the occurrence of Ivoites schindewolfi. Nevertheless, these 
stratigraphic interpretations need to be further corroborated by 
in-situ collection of faunas once a suitable section is cropping out. 
Such investigations might partially be hampered by the scattered 
occurrence of fossiliferous layers and tectonic deformations, 
but these problems could be partially overcome by applying the 
new techniques introduced by Michel et al. (2010). We herein 
extended the range of Ivoites schindewolfi, which shows some of 
the most plesiomorphic characters of all ammonoids, outside of 
the Hunsrück Basin.
7. Acknowledgements
This study is a contribution to the Swiss National Science 
Foundation Project to CK (Project number 200021-113956 ⁄ 1 
and 200020-25029). Koen Van Noten, Hervé Van Baelen and 
Manuel Sintubin (K.U.Leuven) kindly provided information on 
the tectonic setting of the study area. KDB, SG and TR want to 
express their gratitude to Ir. Kaut for the allowance to access 
and sample the quarry. KDB and SG would also like to thank 
the entire Rietbergen family for their help during the 2009 visit 
to the quarry. We are greatly indebted to the reviewers: Dieter 
Korn (Berlin) and Mena Schemm-Gregory (Coimbra), who has 
unfortunately passed away in the meantime. 
8. References
Alberti, G.K.B., 1982. Nowakiidae (Dacryoconarida) aus dem 
Hunsrückschiefer von Bundenbach (Rheinisches Schiefergebirge). 
Senckenbergiana lethaea, 63/5-6, 451-463.
Alberti, G.K.B., 1983. Unterdevonische Nowakiidae (Dacryoconarida) 
aus dem Rheinischen Schiefergebirge, aus Oberfranken und aus 
N-Afrika (Algerien, Marokko). Senckenbergiana lethaea, 64/2-4, 
295-313.
Asselberghs, E., 1921. Le Dévonien inférieur du Cercle de Malmédy. 
Bulletin de la Société belge de Géologie, de Paléontologie et 
d’Hydrologie, 31, 134-155.
Asselberghs, E., 1946. L`Éodévonien de l`Ardenne et des régions 
voisines. Mémoires de l’Institut Géologique, Université de Louvain, 
14, 1-598.
Barrande, J., 1865-1877. Systême Silurien du centre de la Bohême, I. 
Partie, Vol. II : Céphalopodes. Prague & Paris, 712 pp.
Bartels, C. & Kneidl, V., 1981. Ein Porphyroid in der Schiefergrube 
Schmiedenberg bei Bundenbach (Hunsrück, Rheinisches 
Schiefergebirge) und seine stratigraphische Bedeutung. Geologisches 
Jahrbuch Hessen, 109, 23–36.
Bartels, C., Briggs, D. E. G. & Brassel, G., 1998. The fossils of the 
Hunsrück Slate: marine life in the Devonian. Cambridge Paleobiology 
Series, 3, 1-309.
Bartels, C., Poschmann, M., Schindler, T. & Wuttke, M., 2002. 
Palaeontology and paleoecology of the Kaub Formation (Lower 
Emsian, Lower Devonian) at Bundenbach (Hunsrück, SW Germany). 
Metalla, 9/2, 105-122.
Becker, R. T. & House, M. R., 1994. International Devonian goniatite 
zonation, Emsian to Givetian, with new records from Morocco. 
Courier Forschungsinstitut Senckenberg, 169 (Willi Ziegler-
Festschrift II), 79-135.
Becker, R. T. & Kullmann, J., 1996. Paleozoic ammonoids in Space 
and Time. In Landman, N. H., Tanabe, K. & Davis, R. A. (eds), 
Ammonoid Paleobiology. Topics in Geobiology, 13, 711-753.
Becker, R.T., De Baets, K. & Nikolaeva, S., 2010. New ammonoid 
records from the Lower Emsian of the Kitab Reserve (Uzbekistan) - 
Preliminary results. SDS Newsletter, 25, 20-28.
Belka, Z., Klug, C., Kaufmann, B., Korn, D., Döring, S., Feist, R. & 
Wendt, J., 1999. Devonian conodont and ammonoid succession of 
the eastern Tafilalt (Ouidane Chebbi section), Anti-Atlas, Morocco. 
Acta Geologica Polonica, 49, 1-23.
Bogoslovsky, B. I., 1969. Devonian ammonoids: I. Agoniatitids. Trudy 
Paleontologicheskogo Instituta Akademii Nauk SSSR, 124, 1-341. 
[In Russian]
Bogoslovsky, B. I., 1972. New Early Devonian cephalopods of Novaya 
Zemlya. Paleontologicheskii Zhurnal, 1972/4, 44-51. [in Russian]
Brauckmann, C., Koch, L. & Gröning, E., 2002. New evidence for the 
synonymy of Dilophaspis and Nahecaris (Phyllocarida; Lower 
Devonian; Rhenish Massif). Paläontologische Zeitschrift, 76, 215-
222.
Briggs, D. E. G. & Bartels, C., 2001. New arthropods from the Lower 
Devonian Hunsrück Slate (Lower Emsian, Rhenish Massif, Western 
Germany). Palaeontology, 44, 275–303.
Briggs, D.E.G. & Bartels, C., 2003. Case 3281: Nahecaris Jaekel, 1921 
(Malacostraca, Phyllocarida, Archaeostraca): proposed precedence 
over Dilophaspis Traquair in Walther, 1903. The Bulletin of 
Zoological Nomenclature, 60, 269-271.
Bultynck, P. & Dejonghe, L., 2001. Devonian lithostratigraphic units 
(Belgium). Geologica Belgica, 4/1-2, 39-68.
Carls, P., 1987: Ein Vorschlag zur biostratigraphischen Redefinition 
der Grenze Gedinnium/Siegenium und benachbarter Unter-Stufen. 
1. Teil: Stratigraphische Argumente und Korrelation. Courier 
Forschungsinstitut Senckenberg, 92: 77-121.
Carls, P., 1988. The Devonian of Celtiberia (Spain) and Devonian 
paleogeography of SW Europe. In McMillan, N.J., Embry, A.F. 
& Glass, D.J. (eds), Devonian of the World, Volume I: Regional 
Synthesis. Canadian Society of Petroleum Geologists, Calgary, 421-
466.
Carls, P., 1999. El Devónico de Celtiberia y sus fósiles. Jornadas 
Aragonesas de Paleontología, 6, 101-164.
Carls, P. & Valenzuela-Ríos, J.I., 2007. From the Emsian GSSP to the 
early Late Emsian – Correlations with historical boundaries. SDS 
Newsletter, 22, 24-27. 
Carls, P., Slavík, L. & Valenzuela-Ríos, J.I., 2008. Comments on the GSSP 
for the basal Emsian stage boundary: the need for its redefinition. 
Bulletin of Geosciences, 83/4, 383-390.
Chlupáč, I., 1976. The oldest goniatite faunas and their stratigraphical 
significance. Lethaia, 9, 303-315.
Chlupáč, I. & Lukeš, P., 1999. Pragian/Zlíchovian and Zlíchovian/Dalejan 
boundary sections in the Lower Devonian of the Barrandian area, 
Czech Republic. Newsletters on Stratigraphy, 37, 75-100. 
Chlupáč, I., Lukeš, P. & Zikmundová, J., 1979. The Lower/Middle 
Devonian boundary beds in the Barrandian area. Geologica et 
Palaeontologica, 13, 125-156.
Chlupáč, I. & Turek, V., 1983. Devonian goniatites from the Barrandian 
area, Czechoslovakia. Rozpravy Ústàedního ústavu geologického, 
46, 1-159.
De Baets, K., Klug, C. & Korn, D., 2009. Anetoceratinae (Ammonoidea, 
Early Devonian) from the Eifel and Harz Mountains (Germany) 
with a revision of their genera. Neues Jahrbuch für Geologie und 
Paläontologie - Abhandlungen, 252/3, 361-376.
De Baets, K., Klug, C. & Plusquellec, Y., 2010: Zlichovian faunas and 
early ammonoids: correlation of the Zlíchovian of the eastern Anti-
Atlas and the western Dra Valley (Morocco). Bulletin of Geosciences, 
85/2, 317-352.
De Baets, K., Klug, C. & Korn, D., 2011. Devonian pearls and ammonoid-
endoparasite coevolution. Acta Palaeontologica Polonica, 56/1, 159-
180.
De Baets, K., Klug, C., Korn, D., Bartels, C. & Poschmann, M., 2013a. 
Emsian Ammonoidea and the age of the Hunsrück Slate (Rhenish 
Mountains, Western Germany). Palaeontographica A, 299/1-6, 1-113.
De Baets, K., Klug, C. & Monnet, C., 2013b. Intraspecific variability 
through ontogeny in early ammonoids. Paleobiology, 39/1,75-94.
Delsate, D., Blieck, A. & Steemans, P., 2004. A psammosteid heterostracan 
(Vertebrata: Pteraspidomorphi) from the Emsian (Lower Devonian) 
of the Grand Duchy of Luxemburg. Geologica Belgica, 7/1-2, 21-26.
Drevermann, F., 1902. Die Fauna der Unterkoblenzschichten von 
Oberstadtfeld bei Daun in der Eifel. Palaeontographica, 49, 73-120.
Drevermann, F., 1907. Paläontologische Notizen. Bericht der 
Senckenbergischen Naturforschenden Gesellschaft in Frankfurt am 
Main, 1907, 125-136.
Dumoulin, V. & Blockmans, S., 2008. Le passage latérale entre les 
Formations de Couvin et de Jemelle (Eifelien) au bord sud du 
Synclinorium de Dinant (Belgique): introduction du Membre du 
Vieux Moulin - Formation de Jemelle. Geologica Belgica, 11, 25-33.
154 K. de BaeTs, s. goolaerTs, u. Jansen, T. rieTBergen & ch. Klug
Ebbighausen, V., Becker, R. T. & Bockwinkel, J., 2011. Emsian and 
Eifelian ammonoids from Oufrane, eastern Dra Valley (Anti-Atlas, 
Morocco): taxonomy, stratigraphy and correlation. Neues Jahrbuch 
für Geologie und Paläontologie - Abhandlungen, 259, 313-379.
Eichenberg, W., 1930. Die Fauna des Zorgensiskalkes (Schönauerkalk A. 
Denckmann’s) im Unterdevon von Schönau, Kellerwald. Jahrbuch 
der Preußischen Geologischen Landesanstalt, 51, 376-391.
Eichenberg, W., 1931. Die Schichtenfolge des Herzberg-Andreasberger 
Sattelzuges. Neues Jahrbuch für Mineralogie, Geologie und 
Paläontologie, Beilage-Band B, 65, 141-196.
Erben, H. K., 1953. Goniatitacea (Ceph.) aus dem Unterdevon und 
Unteren Mitteldevon. Neues Jahrbuch für Geologie und Paläontologie 
- Abhandlungen, 98, 175-225. 
Erben, H. K., 1960. Primitive Ammonoidea aus dem Unterdevon 
Frankreichs und Deutschlands. Neues Jahrbuch für Geologie und 
Paläontologie - Abhandlungen, 110, 1-128. 
Erben, H. K., 1962a. Über böhmische und türkische Vertreter von 
Anetoceras (Ammon., Unterdevon). Paläontologische Zeitschrift, 
36/1-2, 14-27.
Erben, H. K., 1962b. Über die “forme elliptique” der primitiven 
Ammonoidea. Paläontologische Zeitschrift, 36, 38-44.
Erben, H. K., 1964a. Die Evolution der ältesten Ammonoidea (Lieferung 
I). Neues Jahrbuch für Geologie und Paläontologie - Abhandlungen, 
120/2, 107-212.
Erben, H. K., 1964b. Facies developments in the marine Devonian of the 
Old World. Proceedings of the Ussher Society, 1/3, 92-118.
Erben, H. K., 1965. Die Evolution der ältesten Ammonoidea. II. Neues 
Jahrbuch für Geologie und Paläontologie - Abhandlungen, 122/3, 
275-312.
Erben, H. K., 1966. Über den Ursprung der Ammonoidea. Biological 
Reviews of the Cambridge Philosophical Society, 41, 641-658. 
Erben, H. K.,1994. Das Meer des Hunsrückschiefers. In Koenigswald, 
W. v. & Meyer, W. (eds), Erdgeschichte im Rheinland. Fossilien 
und Gesteine aus 400 Millionen Jahren. Verlag Dr. Friedrich Pfeil, 
München, 49-56. 
Ferrová, L., Frýda, J. & Lukeš, P., 2012. High-resolution tentaculite 
biostratigraphy and facies development across the Early Devonian 
Daleje Event in the Barrandian (Bohemia): implications for global 
Emsian stratigraphy. Bulletin of Geosciences, 87/3, 587-624.
Foord, A.H. & Crick, G.C., 1897. Catalogue of the fossil Cephalopoda 
in the British Museum (Natural History), Part III, Containing the 
Bactritidae and part of the suborder Ammonoidea. Order of the 
Trustees, London, 1-303.
Frank, W., 1898. Beiträge zur Geologie des südöstlichen Taunus, 
insbesondere der Porphyroide dieses Gebietes. Bericht der 
oberhessischen Gesellschaft für Natur- und Heilkunde, 32, 42-76.
Franke, C., 2006. Die Klerf-Schichten (Unter-Devon) im Großherzogtum 
Luxemburg, in der Westeifel (Deutschland) und im Gebiet von Burg 
Reuland (Belgien): fazielle und biostratigraphische Deutungen. 
Ferrantia, 46, 42-96.
Frech, F., 1897. Lethaea palaeozoica, 2, 1. Lethaea geognostica, 1, 
Stuttgart, 1-256.
Fuchs, A., 1915. Der Hunsrückschiefer und die Untercoblenzschichten 
am Mittelrhein (Loreleigegend) I. Teil: Beitrag zur Kenntnis der 
Hunsrückschiefer- und Untercoblenzfauna der Loreleigegend. 
Abhandlungen der Königlich Preußischen Geologischen 
Landesanstalt, Neue Folge, 79, 1-81.
Fuchs, G., 1971. Faunengemeinschaften und Fazieszonen im Unterdevon 
der Osteifel als Schlüssel zur Paläogeographie. Notizblatt hessisches 
Landesamt für Bodenforschung, 99, 78-105.
Fuchs, G., 1982. Upper and Lower Emsian in the Eifel hills. In Ziegler 
W. & Werner R. (eds): On Devonian Stratigraphy and Palaeontology 
of the Ardenno-Rhenish mountains and related Devonian matters. 
Courier Forschungs-Institut Senckenberg, 55, 229-256.
Fuchs, G. & Plusquellec, Y., 1982. Pleurodictyum problematicum 
Goldfuss 1829 (Tabulata, Dévonien). Statut, morphologie, ontogénie. 
Geologica et Palaeontologica, 15, 1-26. 
Furtak, H., 1965. Die Tektonik der unterdevonischen Gesteinsfolge 
im deutsch-belgisch-luxemburgischen Grenzgebiet. Geologische 
Mitteilungen Aachen, 4, 273-332.
Godefroid, J., 1994. Le genre Euryspirifer Wedekind, 1926 (Brachiopoda, 
Spiriferida) dans le Dévonien inférieur de la Belgique. Bulletin de 
l’Institut Royal des Sciences Naturelles de Belgique, Sciences de la 
terre, 64, 269-272.
House, M.R. & Price, J.D., 1985. New late Devonian genera and species 
of tornoceratid goniatites. Palaeontology, 28/1, 159-188.
House, M.R. & Kirchgasser, W.T., 1993. Devonian goniatite 
biostratigraphy and timing of facies movements in the Frasnian 
of eastern North America. In Hailwood, E.A. & Kidd, R.B. (eds), 
High Resolution Stratigraphy. Geological Society, London, Special 
Publications, 70, 267-292.
Jahnke, H. & Bartels, C., 2000. Der Hunsrückschiefer und seine Fossilien, 
Unter-Devon. In Meischner, D. (ed.), Europäische Fossillägerstätten. 
Springer, Berlin/Heidelberg, 36-44.
Jansen, U., 2001. Morphologie, Taxonomie und Phylogenie unter-
devonischer Brachiopoden aus der Dra-Ebene (Marokko, Prä-Sahara) 
und dem Rheinischen Schiefergebirge (Deutschland). Abhandlungen 
der Senckenbergischen Naturforschenden Gesellschaft Frankfurt, 
554, 1-389. 
Jansen, U., Lazreq, N., Plodowski, G., Schemm-Gregory, M., Schindler, 
E. & Weddige, K. 2007. Neritic-pelagic correlation in the Lower 
and basal Middle Devonian of the Dra Valley (Southern Anti-
Atlas, Moroccan Pre-Sahara). Geological Society, London, Special 
Publications, 278/1, 9-37.
Jansen, U., 2008. Biostratigraphy and correlation of the traditional 
Emsian stage. In Kim, I. A., Salimova, F. A. & Meshchankina, N. A. 
(eds), Global Alignments of Lower Devonian Carbonate and Clastic 
Sequences (IGCP 499 project/ SDS joint field meeting). Kitab State 
Geological Reserve, Uzbekistan, August 25 – September 3, 2008, 
Contributions. State Committee of the Republic of Uzbekistan on 
Geology and Mineral resources/Institute of Petroleum Geology, 
Russian Academy of Sciences, Siberian Branch, Tashkent, 42-45.
Jansen, U., 2012. On the traditional Siegenian-Lower Emsian successions 
in the Rhenish Slate Mountains, in special consideration of the basal 
Emsian boundary and its supraregional correlation. SDS Newsletter, 
27, 21-27.
Kaufmann, B., 2006. Calibrating the Devonian Time Scale: A synthesis 
of U-Pb ID-TIMS ages and conodont stratigraphy. Earth-Science 
Reviews, 76, 175-190.
Kayser, E., 1889. Die Fauna des Hauptquarzits und der Zorger Schiefer 
des Unterharzes. Abhandlungen der Preußischen Geologischen 
Landesanstalt, Neue Folge, 1, 1-139.
Keupp, H., 2000. Ammoniten - paläobiologische Erfolgsspiralen. 
Thorbecke-Verlag , Stuttgart, 160 pp.
Klug, C., 2001. Early Emsian ammonoids from the eastern Anti-Atlas 
(Morocco) and their succession. Paläontologische Zeitschrift, 74, 
479-515.
Klug, C. & Korn, D., 2004. The origin of ammonoid locomotion. Acta 
Palaeontologica Polonica, 49, 235-242.
Klug, C., Kröger, B., Rücklin, M., Korn, D., Schemm-Gregory, M., 
De Baets, K. & Mapes, R. H., 2008: Ecological change during the 
early Emsian (Devonian) in the Tafilalt (Morocco), the origin of 
the Ammonoidea, and the first African pyrgocystid edrioasteroids, 
machaerids and phyllocarids. Palaeontographica A, 283/1-2, 1-94. 
Korn, D. & Klug, C., 2002. Ammoneae Devonicae. In Riegraf, W. (ed.), 
Fossilium Catalogus I, Animalia, 138. Backhuys Publishers, Leiden, 
1-375.
Korn, D., 2010. A key for the description of Palaeozoic ammonoids. 
Fossil Record, 13, 5–12. 
Kröger, B. & Mapes, R., 2007. On the origin of bactritoids (Cephalopoda). 
Paläontologische Zeitschrift, 81, 316-327.
Kutscher, F., 1933. Fossilien aus dem Hunsrückschiefer I. Jahrbuch der 
Preuβischen Geologischen Landesanstalt, 54, 628-641.
Lucius, M., 1950. Das Ösling. Erläuterungen zu der geologischen 
Spezialkarte Luxemburgs. Publications du Service Géologique, 6, 
1-176.
Maillieux, E., 1932. Le genre Limoptera J. HALL dans le Dévonien 
inférieur de l´Ardenne. Bulletin du Musée royal d`Histoire naturelle 
de Belgique, 8/10, 1-18.
Maillieux, E., 1937. Les Lamellibranches du Dévonien inférieur de 
l´Ardenne. Mémoires du Musée royal d’histoire naturelle de 
Belgique, 81, 1-273.
Maillieux, E., 1941. Les Brachiopodes de l´Emsien de l´Ardenne. 
Mémoires du Musée royal d’histoire naturelle de Belgique, 96, 1-74.
Matern, H., 1931. Die Goniatiten-Fauna der Schistes de Matagne in 
Belgien. Bulletin du Musée royal d`Histoire naturelle de Belgique, 
7/13, 1-15.
Matthews, S.C., 1973. Notes on open nomenclature and on synonymy 
lists. Palaeontology, 16, 713-719.
Maurer, F., 1879. Über eine neue Meganteris-Art aus dem rheinischen 
Unterdevon. Zeitschrift der Deutschen geologischen Gesellschaft, 
31/3, 641.
The firsT record of early devonian ammonoids from Belgium  155
Maurer, F., 1886. Die Fauna des rechtsrheinischen Unterdevon aus meiner 
Sammlung zum Nachweis der Gliederung. Neues Jahrbuch für 
Mineralogie, Geologie und Palaeontologie, 1882, 1, 3-55.
Michel, J., Boulvain, F., Philippo, S. & Da Silva, A.-C., 2010. 
Palaeoenvironmental study and small scale correlations using 
facies analysis and magnetic susceptibility of the mid-Emsian 
(Himmelbaach Quarry, Luxembourg). Geologica Belgica, 13/4, 447-
458.
Mittmeyer, H.-G., 1972. Delthyrididae und Spinocyrtiidae (Brachiopoda) 
des tiefen Ober-Ems im Mosel-Gebiet (Ems-Quarzit, Rheinisches 
Schiefergebirge). Mainzer geowissenschaftliche Mitteilungen, 1, 82-
121.
Mittmeyer, H.-G., 1973. Grenze Siegen/Unterems bei Bornhofen (Unter-
Devon, Mittelrhein). Mainzer geowissenschaftliche Mitteilungen, 2, 
71-103.
Mittmeyer, H.-G.,1980. Zur Geologie des Hunsrückschiefers. Kleine 
Senckenberg-Reihe, 11, 26-33.
Mittmeyer, H.-G., 1982. Rhenish Lower Devonian stratigraphy. Courier 
Forschungsinstitut Senckenberg, 55, 257-270.
Mittmeyer, H.-G., 2008. Unterdevon der Mittelrheinischen und Eifeler 
Typ-Gebiete (Teile von Eifel, Westerwald, Hunsrück und Taunus). 
In Weddige, K. (ed.), Stratigraphie von Deutschland VII: Devon. 
Schriftenreihe der Deutschen Gesellschaft für Geowissenschaften, 
52. Deutsche Stratigraphische Kommission, Hannover, 139-203. 
Müller, P. & Alberti, M., 2010. Burmeisterella vixarmata aus der Klerf-
Formation in Nord-Luxemburg (Trilobita, oberes Unter-Devon). 
Ferrantia, 58, 63-71.
Richter, R., 1919. Zur Stratigraphie und Tektonik der Oesling-Eifel-
Mulde. I. Über den Muldenabschnitt südlich der Schneifel. 
Centralblatt Mineralogie, 1919, 44-62.
Rösler, A., 1954. Zur Fauna des rheinischen Unter-Devons, 1. 
Stropheodonta cf. taeniolata (Sandb.) aus dem Unter-Ems von 
Oberstadtfeld und ein neuer Fund von Pyrgocystis octogona R. Richter 
(Edrioaster.). Notizblatt hessisches Landesamt Bodenforschung, 82, 
30-37.
Ruan, Y.-P., 1981. Devonian and earliest Carboniferous Ammonoids from 
Guangxi and Guizhou. Memoirs of the Nanjing Institute of Geology 
& Paleontology, 15, 1-152. [In Chinese]
Ruan, Y.-P., 1996. Zonation and distribution of the early Devonian 
primitive ammonoids in South China. In Wang, H.-Z. & Wang, 
X.-L. (eds), Centennial Memorial Volume of Prof. Sun Yunzhu: 
Palaeontology and Stratigraphy. China University of Geosciences 
Press, Wuhan, 104-112. 
Ruzhencev, V.E., 1957. Phylogenetic system of the Paleozoic ammonoids. 
Byulleten’ Moskovskogo obshchestva ispytately prirody, novaya 
seriya, otdel geologicheskiy, 31/2, 49-64. [In Russian]
Schemm-Gregory, M. & Jansen, U., 2006. Annotations to the Devonian 
Correlation Table, B 124 di 06: Brachiopod biostratigraphy in the 
Lower Devonian of the Rheinisches Schiefergebirge (Germany) based 
on the phylogeny of Arduspirifer (Delthyridoidea, Brachiopoda). 
Senckenbergiana lethaea, 86, 113-116. 
Schindewolf, O. H. 1934. Zur Stammesgeschichte der Cephalopoden. 
Jahrbuch der Preuβischen Geologischen Landesanstalt, 55, 258-283.
Schindler, T., Sutcliffe, O. E., Bartels, C., Poschmann, M. & Wuttke, M., 
2002. Lithostratigraphical subdivision and chronostratigraphical 
position of the middle Kaub Formation (Lower Emsian, Lower 
Devonian) of the Bundenbach area (Hunsrück, SW Germany). 
Metalla, 9, 73-88.
Schlotheim, E.F. von 1813. Beiträge zur Naturgeschichte der 
Versteinerungen in geognostischer Hinsicht. In Leonhard, c.c. (ed.), 
Taschenbuch für die gesammte Mineralogie (mit Hinsicht auf die 
neuesten Entdeckungen), 7, 1. Frankfurt am Main, 3-134.
Schnur, J., 1853. Zusammenstellung und Beschreibung sämtlicher im 
Übergangsgebirge der Eifel vorkommenden Brachiopoden nebst 
Abbildungen derselben. Palaeontographica, 3, 169-254.
Schraut, G., 2000. Eine neue Unterart von Phacops (Phacops) 
sparsinodosus Struve 1970 aus dem Mittel-Devon von Marokko. 
Senckenbergiana lethaea, 80, 525-535.
Scupin, H., 1900. Die Spiriferen Deutschlands. Palaeontologische 
Abhandlungen, Neue Folge, 4, 207-344.
Solle, G., 1953. Die Spiriferen der Gruppe arduennensis-intermedius im 
rheinischen Devon. Abhandlungen des Hessischen Landesamtes für 
Bodenforschung, 5, 1-156.
Solle, G., 1971. Brachyspirifer und Paraspirifer im Rheinischen Devon. 
Abhandlungen des Hessischen Landesamtes für Bodenforschung, 59, 
1-163.
Sowerby, J. de C., 1842. Description of Silurian fossils from the Rhenish 
Provinces. In: E.A.J.D. d’Archiac & E. de Verneuil: On the fossils 
of the older deposits in the Rhenish provinces. Transactions of the 
Geological Society of London, 6/2, 408-410.
Steemans, P., Debbaut, V. & Faber, A., 2000. Preliminary survey of 
the palynological content of the Lower Devonian in the Oesling, 
Luxemburg. Bulletin de la Societé des Naturalistes luxembourgeoise, 
100, 171-186.
Suess, E., 1856. Über Meganteris, eine neue Gattung von Terebratuliden. 
Sitzungsberichte der Mathematisch-Naturwissenschaftlichen Classe 
der Kaiserlichen Akademie der Wissenschaften, 18/1-2, 51-65.
Sutcliffe, O. E., 1997. The sedimentology and ichnofauna of the Lower 
Devonian Hunsrück Slate, Germany: taphonomy and palaeobiological 
significance. Unpublished PhD thesis, University of Bristol, 297 pp.
Vandercammen, A., 1963. Spiriferidae du Dévonien de la Belgique. 
Mémoires du Musée royal d’histoire naturelle de Belgique, 150, 
1-177.
Vandenven, G., 1990. Explication de la carte géologique du Synclinorium 
de l’Eifel. (Région de Gouvy-Sankt-Vith-Elsenborn). Annales de la 
Société Géologique de Belgique, 113/2, 103-113.
Van Baelen, H., Sintubin, M., 2006. Kinematic consequences of an 
angular unconformity in simple shear: an example from the southern 
border of the Lower Palaeozoic Rocroi Inlier. Bulletin de la Société 
géologique de France, 179,73-87.
Van Viersen, A.P., 2008. First record of the odontopleurid trilobite 
Koneprusia from the lower Eifelian of Vireux-Molhain (northern 
France), with remarks on the associated trilobite fauna. Geologica 
Belgica, 11/2, 83-91.
Weddige, K., 1996. Beiträge zu Gemeinschaftsaufgaben der 
deutschen Subkommission für Devon-Stratigraphie, 1: Devon-
Korrelationstabelle. Senckenbergiana lethaea, 76, 267-286.
Weddige, K., Menning, M., Jansen, U. & Schindler, E., 2005. Die Devon-
Zeitskala der Stratigraphischen Tabelle von Deutschland 2002. 
Newsletters on Stratigraphy, 41/1-3, 61-69. 
Wedekind, R., 1926. Die devonische Formation. In W. Salomon, 
Grundzüge der Geologie, 2, Erdgeschichte. Schweizerbart’sche 
Verlagsbuchhandlung (Nägele), Stuttgart, 194-226.
Yu, C.-M. & Ruan, Y.P., 1988. Proposal and comment on the definition 
of the Emsian. In McMillan, N.J., Embry, A.F. & Glass, D.J. (eds), 
Devonian of the World, Volume III: Paleontology, Paleoecology and 
Biostratigraphy. Canadian Society of Petroleum Geologists, Calgary, 
179-191.
Manuscript received 06.02.2011, accepted in revision from 
10.07.2013, available online 15.08.2013.  
156 K. de BaeTs, s. goolaerTs, u. Jansen, T. rieTBergen & ch. Klug
Plate 1. Ivoites schindewolfi De Baets, Klug, Korn, Bartels & Poschmann, 2013a from the Lower Emsian of the Auf Schleid Quarry. A. PIMUZ 28899. 
B, C. RGM.791234, left lateral view of the internal mould and counterpart (negative). D, E. RGM.791233, counterpart (negative) and left lateral view of 
the internal mould. All pictures have an enlargement of 2X. 
